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Within the factorization-assisted topological-amplitude approach, we study the two-body 
charmed B meson decays Bu,d,s —t with M denoting a light pseudoscalar (or vector) 

meson. The meson decay constants and transition form factors are factorized out from the 
hadronic matrix element of topological diagrams. Therefore the effect of SU(3) symmetry 
breaking is retained, which is different from the conventional topological diagram approach. 

The number of free nonperturbative parameters to be fitted from experimental data is also 
much less. Only four universal nonperturbative parameters ^ 4'^■, 4’^ s-re intro¬ 

duced to describe the contribution of the color suppressed tree and W-exchanged diagrams 
for all the decay channels. With the fitted parameters from 31 decay modes induced by 
6 —> c transition, we then predict the branching fractions of 120 decay modes induced by 
both 5 —>■ c and 6 —>■ rt transitions. Our results are well consistent with the measured data 
or to be tested in the LHCb and Belle-II experiments in the future. Besides, the SU(3) 
symmetry breaking, isospin violation and CP asymmetry are also investigated. 


I. INTRODUCTION 

Due to the large mass and fast weak decay property of the top quark, B mesons are the only weakly 
decaying mesons containing quarks of the third generation. Their nonleptonic weak decays provide 
direct access to the parameters of the Cabibbo-Kobayashi-Maskawa (CKM) matrix and to the study of 
CP violation (for reviews, see, for examples [1, 2]). Simultaneously, the studies of these decays can also 
provide some insight into the long distance non-perturbative structure of QCD as well as some hints of the 
new physics beyond the standard model (SM). To achieve these goals, the BaBar and Belle experiments 
at the e+e“ B-factories [3] and the LHCb experiment [4] at the Large Hadron Collider (LHC) have 
already performed high precision measurements of nonleptonic weak decays. In the era of the Belle-H [5] 
and LHCb upgrade [4], the experimental analysis will be pushed towards new frontiers of precision. 

In particular, the direct CP violation in a decay process requires at least two contributing amplitudes 
with different weak and strong phases. In the SM, the weak phases can be accommodated in the CKM 
matrix, while no satisfactory first-principle calculations can yield the strong phases till now. To study 
the information of strong phases from the non-leptonic B decays is a tough work. The basic theoretical 
framework for the non-leptonic B decays is based on the operator product expansion and renormalization 
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group equation, which allow us to write the amplitude of a decay B ^ f generally as follows: 

A{B ^ /) = {meff\B) = ^VcKM^C,{^i){f\OMB), (1) 

where ^e// is the effective weak Hamiltonian, with Oi{fi) denoting the relevant local four-quark operators, 
which govern the decays in question. The CKM factors Vckm and the Wilson coefficients Ci describe 
the strength with which a given operator enters the Hamiltonian. Now the only challenge for theorists 
is how to calculate the matrix elements {f\Oi{^)\B) in QCD reliably. For decades we have applied the 
“factorization” hypothesis to estimate the matrix element of the four-quark operators through the product 
of the matrix elements of the corresponding quark currents. In the 1980s, the “color transparency” 
viewpoints [ 6 - 8 ] were used to justify this concept, while it could be put on a rigorous theoretical basis in 
the heavy-quark limit for a variety of B decays about ten years ago [9-11]. Alternatively, another useful 
approach is provided by the decomposition of their amplitudes in terms of different decay topologies 
and to apply the SU(3) flavor symmetry of strong interactions to derive relations between them [ 12 ]. 
Supplemented by isospin symmetry, the approximate SU(3) flavor symmetry and various “plausible” 
dynamical assumptions, the diagrammatic approach has been used extensively for non-leptonic B decays 
[13]. 

Among B decays, the charmed hadronic B mesons decays B —)• , where M is a light meson, are 

of great interest for several reasons. Firstly, due to the existence of charm quark, the charmed hadronic 
decay processes have no contribution from penguin operators, so theoretical uncertainties involved in the 
relevant QCD dynamics become much less. Secondly, for the 6 —)• c transiting processes, since the CKM 
factors are real, the phases associated with these decay amplitudes afford us the information of clean 
strong interactions. Thirdly, for some typical decays such as —>• and B^ —)• both 

b ^ c and b ^ u transitions contribute to their amplitudes, the interferences between which will allow 
us to extract the CKM phase 7 effectively [14]. Lastly, these processes serve as a good testing ground 
for various theoretical issues in hadronic B decays, such as factorization hypothesis, SU(3) symmetry 
breaking, and isospin violation. Experimentally, plenty of two-body charmed hadronic B decays have 
been observed from the heavy flavor experiments, such as Belle, BaBar, DO, CDF and LHCb [15]. 
Besides the available data, many new modes are being measured in LHCb. In the theoretical side, 
much attention has already been paid to these charmed hadronic B decays. The color-favored decays 
B TT were firstly explored in the framework of the factorization hypothesis [7, 8]. Including the 

next-leading order corrections of vertexes, the factorization of this kind of processes has been proved 
within the QCD factorization approach [9] and the soft-collinear effective theory [11], which implies the 
final-state interactions of these decays are small. However, the color suppressed modes B^ —)• D^t:^ was 
found with a very large branching ratio experimentally, which provide evidence for a failure of the naive 
factorization and for sizeable relative strong-interaction phases between different isospin amplitudes [16]. 
This was confirmed in the perturbative QCD (PQCD) approach based on kx factorization [17-19], where 
the endpoint singularity was killed by keeping the transverse momentum of partons. The rescattering 
effects of H —)• had also been studied within some models [20]. Under the assumption of the flavor 

SU(3) symmetry, the global fits were performed in the topological quark diagram approach [ 21 ], where 
the magnitudes and the strong phases of the topologically distinct amplitudes were studied, but the 
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information of SU(3) asymmetry was lost. Due to the large difference between pseudoscalar and vector 
meson, their ht has to be performed for each category of decays to result in three sets of parameters. 

Recently, in order to study the two-body hadronic decays of D mesons, the factorization-assisted 
topological-amplitude (FAT) approach was proposed [22, 23], which combines the conventional factoriza¬ 
tion approach and topological-amplitude parameterization. We will introduce the the framework in the 
next section in detail. By involving the non-factorizable contributions and the SU(3) symmetry breaking 
effect, most theoretical predictions of the D decays are in better agreement with experimental data, and 
the long-standing puzzle from the ^ 7r'’'7r“ and —>• K~^K~ branching fractions can be well solved 
[22]. In this work, we shall generalize the FAT approach to study the two-body charmed nonleptonic 
B mesons decays. With the available experimental data for 31 decay channels, we shall fit the only 4 
theoretical parameters, reducing from the 15 parameters introduced in [21]. The SU(3) asymmetries and 
their implications will also be discussed. The predicted results for all the 120 decay channels can be 
tested in the running LHCb experiment, future Belle-II experiment and even high energy colliders in the 
future. 

This manuscript is organized as follows. In Sec. II, we introduce the framework of FAT approach, 
and ht the four universal parameters from the available data induced hy b ^ c transition. In Sec. Ill, 
we predict the branching fractions of decays induced by 6 —)• u transition with the assumption that the 
numerical values of four universal parameters are the same as those of decays of 6 —)• c transition. The 
discussions on the phenomenological implications will be given in Sec. IV. At last, we shall summarize 
this work in Sec. V. 

II. THE CKM FAVORED DECAYS INDUCED BY 6 ^ c TRANSITION 
A. Framework of FAT Approach 

When discussing the charmed B decays, a new intermediate scale (rric) is introduced, which satisfies 
the mass hierarchy nib > iric > ^QCD- The perturbative theory may not be valid in the scale (me), 
implying the failure of QCD factorization. Thus the best way is to extract the information of them 
from experimental data. In the conventional topological diagrammatic approach, the amplitude of each 
diagram was proposed to be extracted directly [21] from experimental data. To achieve this goal, the 
flavor SU(3) symmetry has to be employed, which works well in the two-body charmless B decays [13] due 
to the negligible mass of the light meson. However, in dealing with the D meson decays [24], it is found 
that only the experimental data of Cabibbo-favored decay modes can be used, which implies that the 
SU(3) breaking effects are sizable in the D decays. As for the charmed B decays, the effects from SU(3) 
asymmetry are also expected to be sizable that may not be negligible. Even if people ignore the SU(3) 
breaking effect ol tt — K difference, the x2 fit can only be done separately in three categories of decays, 
namely, B —>• DP, B —>• DV, and B —)• D*P, with 5 free parameters in each group [21]. Obviously, 
the predictive power is lost with 15 parameters to be fitted from experimental data. With some SU(3) 
breaking effects input by hand, the number of free parameters becomes 21 in the x^ ht of ref. [21], which 
is surely not satisfactory. 
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The factorization-assisted topological-amplitude (FAT) approach was first proposed for studying the 
two-body hadronic D mesons decays [22, 23], which is a great success in the extraction of strong phases 
for the CP asymmetry study. There are five steps in the FAT approach. Firstly, similar to the topological 
diagrammatic approach [21], the two-body hadronic weak decay amplitudes are decomposed in terms of 
some distinct quark diagrams, according to the weak interactions and flavor flows with all strong inter¬ 
action effects encoded. In this way, the non-negligible non-factorizable contributions are involved, and 
hence the results would be more accurate if their values can be extracted from experimental data. In the 
case of charmed hadronic decays of B mesons, four kinds of relevant quark diagrams are involved, namely, 
the color-favored tree diagram T, the color-suppressed tree diagram C, the IF-exchange annihilation-type 
diagram E, and the IT-annihilation diagram A. Secondly, in order to keep the SU(3) breaking effects in 
the decay amplitudes, we factorize the decay constants and form factors formally from each topological 
amplitude. The topological amplitude is then only universal for all decay channels after factorization of 
those hadronic parameters. Thirdly, the QCD factorization, the perturbative QCD based on kx factor¬ 
ization, together with the soft-collinear effective theory have all proved factorization for the color favored 
topology diagram [9, 11, 17]. The T amplitude is then safely expressed by the products of transition form 
factor, decay constant of the emitted meson and the short-distance dynamics Wilson coefficients, where 
the latter are related to the four-fermion operators. No free parameter will be introduced in the T dia¬ 
gram calculations. Fourthly, for the remaining color suppressed diagram and W-exchange diagram (W), 
their size and phase ^ j after factorized the decay constants and form factor, are the only 

four universal free parameters to be htted from the abundant experimental data simultaneously. Lastly, 
with the four fitted universal nonperturbative parameters, we then make predictions for all the hadronic 
charmed B decays Bu,d,s —^ D^*^P{V) and Bu^d,s —^ P{V), where P and V denote pseudoscalar and 

vector mesons, respectively. 

According to the effective Hamiltonian [25], these decays can be classified into two groups: the CKM 
favored processes induced hy b c transition and the CKM suppressed ones induced hy b u transition. 
We firstly discuss the relevant effective weak Hamiltonian for the CKM favored transition b —)• cqu{q = 
d, s), which is given by [25] 

Ties = -^K6l4yc'i(/x)0i(/x) -h C'2(//)02(li)] + h.c., (2) 

where Gp is the Fermi coupling constant, and Vuq are the relevant Cabibbo-Kobayashi-Maskawa 
(CKM) matrix elements, and Ci ^2 are the Wilson coefficients. The tree-level current-current operators 
are 


Ol = qal^ii - 75)'W/3C/37/,(1 - 75)fta, O 2 = qa7^{i - 75)rraC/37^(l - 75)&/3, (3) 

where a and /3 are the color indices. The topological diagrams in the b ^ c transitions includes color- 
favored tree emission diagram T, color-suppressed tree emission C, and W-exchange diagram E, as shown 
in Fig.l. Note that the VF-annihilation diagram does not occur in the b ^ c transition processes, and the 
E diagram occurs only in the B^ and decays. It is apparent that the T diagram emits a light meson 
and recoils a charmed meson, while for the C diagram the charmed meson is emitted and the light meson 
is recoiled. 
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FIG. 1: Topological diagrams in the b ^ c transitions: (a) the color-favored tree diagram, T; (b) the color- 
suppressed tree diagram, C; and (c) the VF-exchange annihilation-type diagram, E. Note that the E diagram 
occurs only in the ^ and decays. 


In terms of the factorization hypothesis, the three diagrams of the B —DP modes can be written as 
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where the subscript c stands for the processes induced by 6 ^ c transition, and fp and fp for the decay 
constants of the pseudoscalar meson and D meson, respectively. and Fq^^ are the scalar form 

factors of the B ^ D and B ^ P transitions. Here we have followed the conventional Bauer-Stech-Wirbel 
definition for form factors F^p and [7]. The inner effective Wilson coefficient is 


ai{p) = G2{p)^ -(7) 

For the T diagram, the non-factorizable contribution is so small that can be ignored safely. On the 
contrary, for the C diagram, because the factorizable contribution is quite small, the non-factorizable 
contribution becomes significant. As it belongs to the nonperturbative contribution, we set it as universal 
and parameterize it as which will be extracted from the experimental data. In principle, the 

factorizable scale ^ should be channel dependent, however we find that both the fitted parameters and 
the predictions are not sensitive to this scale. So, for simplicity, we set /r = mfe/2 = 2.1GeV. The 
Wilson coefficients Gi and C 2 at this scale are —0.287 and 1.132, respectively. As for the FF-exchange 
E diagram, the hadronic parameter Xc its relative strong phase 4>p are also non-perturbative to 
be extracted from data. In practice, the dimensionless parameters Xc (/)p are defined from the 
B —^ Df process, to which those for other final states are related via the ratio of the decay constants 
{fDfp)/{fD°f-w)- Obviously, the SU(3) asymmetry also remains in the E diagram. In fact, although the 
helicity suppression doesn’t work with a heavy charm quark in the final state, the factorizable contribution 
in the E diagram is also negligible due to the smallness of the corresponding Wilson coefficient. 

Similarly to the amplitudes of H —)■ DP decays, the topological amplitudes of T, G and E of the 
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B —)• D*P and B —)• DV decays can be given respectively by 


= V2GFV,i,V:gai{^i)fpmD^A^^^\ml)ieh^ -ps), 

(8) 

= V2GFV,bV:gfD^mD.Ff^P{ml.)ieh^ 

(9) 

^ = V2GFV,bV:^mD*fB^-^^xfe^^^eh, ■ pb); 

(10) 

and 


= V2GFV,bV:gai{p)fvmvFf^^{ml){s*yPB), 

(11) 

= V2GFV,bV:^fDmvA^^^{ml){e*y ■pB)Xce^^^^, 

(12) 

= V2GFV,bV:^mvfB^-^^xfe^^^e*yPB). 

jDjn 

(13) 

In above functions, and Sy represent the polarization vectors of the D* and V, 

and Jd* and fy are 


the decay constants of the corresponding vector mesons. and stand for the vector form 

factors ol B ^ D and B ^ P transitions, and Aq^^ are the transition form factors of S — )• D* 

and B ^ V. Note that, after factorizing the corresponding form factors and decay constants, we can use 
the same non-perturbative universal parameters for all the B —)• DP, B —)• D*P and B —)• DV decays. 
The total number of free parameters to be fitted from experimental data remains four. This is contrast to 
the conventional topological diagram approach [21], where 15 parameters needed for the three categories 
of processes. 

In a short summary, utilizing the factorization, the color favored tree diagram, which is the dominant 
contribution in many decay channels, is determined by perturbative calculations. For the color suppressed 
tree diagram and W-exchange diagram, we have only four universal non-perturbative parameters, namely 
Xc , Xc : (f)c to be fitted from all available B DP, D*P and DV modes. As stated, most 

SU(3) breaking effects are involved in the decay constants and the transition form factors. Using the 
parameters determined from data, we can also reproduce branching fractions of S —)• DP, D*P and DV 
modes. 


B. Input Parameters 

In this section, we list the used parameters, such as CKM matrix elements, decay constants and 
transition form factors. Since all the decay modes discussed are induced by the tree level electroweak 
diagrams, we need not the weak phases of the CKM matrix elements, but use their averaged values of 
the magnitudes in PDG [26]: 

|U,b| = 0.041, |K,| = 0.225, \Vud\ = 0.974, (14) 

\Vub\ = 0.00413, |Ue.| = 0.986, = 0.225. (15) 

The decay constants of vr, K, D and Dg are given by PDG [26]. The decay constants of other mesons 
can not be obtained from experiments directly but calculated in several theoretical approaches, such as 
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the quark model [27], the covariant light front approach [28], the light-cone sum rules [29, 30], the QCD 
sum rules [31-37], and the lattice QCD [38-45] etc. Since the numerical values are different in different 
theoretical approaches, we choose the values shown in Table. I and keep a 5% uncertainty of them. 

TABLE I; The decay constants of mesons (in unit of MeV). 

Jb JBs fp fPs fP* fP* U Ik fp fx- fa: 

190 225 205 258 220 270 130 156 215 220 190 


Due to the absence of enough experimental data, the transition form factors of B meson decays have 
been calculated in the theoretical approaches, such as constitute quark model and light cone quark model 
[27, 46-49], covariant light front approach(LFQM) [28, 50, 51], light-cone sum rules [30, 52-71], PQCD 
[72-81], and lattice QCD [82-85] etc. Considering all above results, we list the the maximum-recoil form 
factors in Table. II. When dealing with the nonleptonic B decays, we indeed need the form factors with 
q'^ dependence. In order to describe the g^-dependence of form factors, several types of parametrization 
are proposed. In the current work, we use the dipole parametrization: 






1 — a\ 




pole 


pole 


(16) 


where Fj denotes Fq, Fi, and Aq, and rupoie is the mass of the corresponding pole state, such as B for 
Aq, and B* for Foq. The values of ai and 02 are also given in Table II. In fact, numerical results show 
that the dependence of form factors makes little change in our numerical calculations. 

For the decay modes with 77 or 77 ' in the final state, it is convenient to consider the flavor mixing of rjq 
and Tjs, defined by 

rjq = —^{uu + dd), rjs = ss. (17) 

v2 

Then, 77 and r]' are linear combinations of r]q and r]s, 



(18) 


where the mixing angle is determined to be (^ = (40.4 ± 0.6)° by KLOE [ 86 ]. The flavor specific decay 
constants are fg = (1.07 ± 0 . 02 )/ 7 r and fg = (1.34 ± 0.06)/,^, corresponding to r]q and rjs respectively 
[87, 88 ]. In this work, the small effect from the mixing between oj and (j) is ignored. 

Honestly, some form factors and decay constants occur only in special channels, so their numerical 
values would affect the accuracy of our theoretical predictions. In this article, in order to estimate the 
uncertainties maximally, we shall assign the uncertainties of form factors to be 10 %, and the uncertainties 
of decay constants to be 5%. If we can determine the form factors and the decay constants more precisely 
by the experimental data in the future, the predicted results in the FAT approach would be improved. 
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TABLE II; The transition form factors at maximum recoil and dipole model parameters used in this work. 



tt’-B— >-7r 
^0 

t^B^K 

Fq 


Fq 

rpBs^ris 

rpB—^D 

rpBs—yDs 


.Bs^Ul 

pB^D 

p'Bs^Ds 

m 

0.28 

0.33 

0.29 

0.21 

0.31 

0.54 

0.58 

0.56 

0.57 

0.54 

0.58 

ai 

0.50 

0.53 

0.54 

0.52 

0.53 

1.71 

1.69 

2.44 

2.49 

2.44 

2.44 

0.2 

-0.13 

-0.13 

-0.15 

0 

0 

0.52 

0.78 

1.98 

1.74 

1.49 

1.70 



pB^K 

pB,^K 


jpBs—>r}s 

B(«) ^ F 



aBs^4> 


aBs^k'- 

m 

0.28 

0.33 

0.29 

0.21 

0.31 

A(0) 

0.30 

0.26 

0.30 

0.33 

0.27 

ai 

0.52 

0.54 

0.57 

1.43 

1.48 

ai 

1.56 

1.60 

1.73 

1.51 

1.74 

0.2 

0.45 

0.50 

0.50 

0.41 

0.46 

a2 

0.17 

0.22 

0.41 

0.14 

0.47 


C. x' Fit 


As discussed above, there are only four parameters in the FAT approach, namely ^ </>®, 

which are universal to all B —)• DP, D*P and DV decays. In the fitting, we define the function in 
term of n experimental observables Xi ± Axi and the corresponding theoretical predictions xf^, 


X 


2 


^ V 

1=1 ^ 


(19) 


In this work, the data points are the branching fractions. We then write the corresponding theoretical 
predictions in terms of topological amplitudes and extract the four parameters by minimizing x^- Cur¬ 
rently, there are 31 experimental measured charmed decay modes induced by 6 —)• c transition [26]. With 
these data, the best-fitted values of the parameters are obtained as 


= 0.48 ± 0.01, = i56.6tlir, xf = 0.0241°;“^ = (123.911^)0^ ( 2 o) 

with x^/d.o./. = 1.4. 

In ref. [21], Chiang et.al fitted the amplitudes and strong phases of each diagrams using the latest 
experimental data in the topological diagram approach. Because they do not include the SU(3) breaking 
effects properly, they had to fit each amplitude of B —>• DP, DV and D*P decays separately. Even though 
with much more parameters than us, their x^ per degree of freedom is larger than ours. Only under the 
so-called scheme 3, where some of the SU(3) symmetry breaking effects have been involved, 21 parameters 
to be fitted from data, their x^fd.o.f. for the B —)• DP decays is a little smaller than ours. But the 
X^/d.o.f. for the B —)• DV and D*P decays is still larger than ours. With so many parameters, they lost 
the predictive power of the branching fractions, because there are not enough data oi B ^ D M decays. 
By contrast, we can predict 120 branching fractions, by fitting 4 parameters from 31 decay modes. 


D. Branching Fractions 

With the fitted parameters, the topological amplitudes and the predicted branching fractions of B —)• 
DP, D*P and DV decays induced by 6 —)• c transition are shown in Tables III, IV and V, respectively. The 
experimental data are also given for comparison. For all theoretical predictions, the first uncertainties 
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arise from the aforementioned four parameters fitted in the FAT approach. The second uncertainties 
come from the transition form factors, and the third ones are from decay constants. From the tables, it is 
obvious that the major uncertainties are from form factors Moreover, we note that each table is divided 
into two parts, Cabibbo-favored (14d or Vcs) and Cabibbo-suppressed {Vus or Vcd)-, and most branching 
fractions of the Cabibbo-favored processes are larger than those of Cabibbo-suppressed ones. 

From the tables, we find that our results are consistent with the measured B~ and ^ decays induced 
by 6 —>• c transition. As for only a few typical decays, such as Bg^Dl vr”, have been measured in 
LHCb, while most of them will be tested in LHCb in the following years. Comparing with ref. [21], most 
of the results are in agreement with each other. 


TABLE III: Branching fractions and decay amplitudes for the B DP modes. Data are from [26]. The first 
uncertainties are from the hited parameters, the second nncertainties are from the form factors, and the third ones 
are coming from decay constants. 


Meson 

Mode 

Amplitudes 


Sexp(xl0-4) 

Sth(xl0-4) 


Cabibbo-favored 

Vcbv:, 






T + E 


26.8 ± 1.3 

24.7;[!;i ± 5.1 ± 0.1 


D°Tr° 



2.6 ±0.1 

2.5l[];2±0.5±0.1 


D^rj 


COS(j) 

2.4 ±0.3 

1.9±0.1±0.4±0.1 


D°r]' 


sui(j) 

1.38 ±0.16 

1.3±0.1±0.2±0.1 


D+K- 

E 


0.345±0.032 

0.30t[];!]2 ± 0.00 ± 0.03 

B- 

D°tt- 

T + C 


48.1 ± 1.5 

49.0tl;7±7.6±0.6 

X 

D+tt- 

T 


30.4 ±2.3 

30.2 ±0.0 ±6.0 ±0.1 


D°K° 

C 



5.9 ± 0.3 ± 1.2 ±0.3 

Cabibbo-suppressed VcbV*^ 


D+K- 

T 


1.97 ±0.21 

2.1 ±0.0 ±0.4 ±0.0 


D°~X 

C 


0.5 ±0.1 

0.4 ±0.0 ±0.1 ±0.0 

B- 

D^K- 

T + C 


3.70 ±0.17 

3.8 ±0.1 ±0.6 ±0.1 

X 

D+K- 

T + E 



2.1 ±0.0 ±0.4 ±0.0 


D^rj 

-^Ecoscj)- 

- C sin (/) 


0.14 ±0.01 ±0.03 ±0.01 


D°r]' 

-^Esm(j) + C cos (j) 


0.21 ±0.01 ±0.04 ±0.01 


D+tt- 

E 



0.011 ±0.001 ±0.000 ±0.001 


D°tt° 

72^ 



0.005l[] ;][]J± 0.000 ±0.001 


In Tables III, IV and V, for the decays dominated by the T diagram, because the decay constants 
of light vector mesons are much larger than those of light pseudoscalar ones, the branching fractions of 
the B —>• DV decays are larger than those of the B —)• DP and B —>• D*P with light meson emitted. 
For example, the branching fraction of B^ —)• p~ are larger than those of ^ D^*')^7r~ by a factor 
of 2.6 because of fp > Similarly, we obtain B(B^ —)• D~^K*~) > B{B^ — )• K~), B{B^g — )• 

D+p-) > B(bI Di*'>^7r-) and B(B^, D+K*-) > B(^, Di*'>^K-). For the D*P modes, there is 

no contribution of transverse polarizations and the behavior of the longitudinal polarization is similar to 
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TABLE IV: Branching fractions and decay amplitudes for the B —>■ D*P decays. 


Meson 

Mode 

Amplitudes 


Sexp(xl0-4) 

Sth(xl0-4) 

Cabibbo-favored ^cbVud 


D*+tt- 

T + E 


27.6 ± 1.3 

24.9;°i±5.2±0.1 





2.2 ±0.6 

2.8 ±0.2 ±0.6 ±0.3 


D*°r] 


coscj) 

2.3 ±0.6 

2.1 ±0.1 ±0.4 ±0.2 


D*°r]' 

j-,iC + E) 

sint/) 

1.40 ±0.22 

1.4±0.1±0.2±0.1 


D*+K- 

E 


0.219 ±0.030 

0.22t°;“± 0.00 ±0.03 

B- 

D*°Tr- 

T + C 


51.8 ±2.6 

50.7;)j±7.8± 1.4 

X 

D*+Tr- 

T 


20 ±5 

27.1 ±0.0 ±5.4 ±0.1 


D*°K° 

C 



6.6;]];^ ± 1.3 ±0.7 

Cabibbo-suppressed VctV*^ 


D*+K- 

T 


2.14 ±0.16 

2.0 ±0.00 ±0.4 ±0.0 


D*°Tf 

C 


0.36 ±0.12 

0.451°;°^ ±0.09 ±0.05 

B- 

D*°K- 

T + C 


4.20 ±0.34 

3.8 ±0.1 ±0.6 ±0.1 

X 

D*+K- 

T + E 



1.9 ±0.0 ±0.4 ±0.0 


D*°t] 

-^E cos cl)- 

- C sin (f) 


0.15 ±0.01 ±0.03 ±0.02 



^Asin<^4 

- C cos (/) 


0.23 ±0.01 ±0.04 ±0.02 


D*+tt- 

E 


< 0.061 

0.008 ±0.001 ±0.000 ±0.001 


D*°Tr° 

-EE 

sp2 



0.0041° °°^ ±0.000 ±0.001 


that of the pseudoscalar meson, so the branching fractions of i? —)• D*P are close to those of 5 —)• DP. 

Compared with the QCD-inspired methods [9, 11, 18, 19], the amplitudes of color-suppressed C 
diagrams are relatively large in the FAT approach where the non-factorizable contribution are dominant, 
as well as in the topological approach [21], Prom Table III, it is found that the branching fraction of 
^ D^tt~ is larger than that of —)• Df K~ by two orders of magnitude, which implies that the 

contribution of E diagram is much smaller than that of T diagram. So, the E diagram can be neglected 
as a good approximation in the processes with both T and E contributions. In the comparison between 
the ^ —)■ D'^K~ with B^ —)■ D^K^, and D'^Tr~ with B^^ we find that 

\Cr\/\Tr\ ~ 0.45. (21) 

Then, the hierarchy 

|rf ^1 : jCf^l : \E^^\ ~ 1 : 0.45 : 0.1 (22) 

are obtained in the FAT approach. Similarly, we also get 

: |.Ff‘-^1 ~ 1 : 0.36 : 0.1 


r\j 


1 : 0.31 : 0.1. 


(23) 

(24) 
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TABLE V: Branching fractions and decay amplitudes for the B —>■ DV decays. 


Meson 

Mode 

Amplitudes 

Sexp(xlO-Q 

Sth(xl0-Q 


Cabibbo-favored 

Vcbv:, 




D+p- 

T + E 

78± 13 

65.3;°j± 13.5 ±6.6 




3.2 ±0.5 

2.6 ±0.2 ±0.6 ±0.1 


D°uj 


2.54 ±0.16 

2.7±0.2±0.5±0.1 


D+K*- 

E 

0.35 ±0.10 

0.38t[! [;^ ± 0.00 ± 0.06 

B- 

D°p- 

T + C 

134 ± 18 

105^2 ± 18 ±9 

X 

Dtp- 

T 

70± 15 

78.6 ±0.0 ±15.7 ±7.9 


D°K*° 

C 

3.5 ±0.6 

4.9t[]j±1.0±0.2 

Cabibbo-suppressed VcbV*^ 


D+K*- 

T 

4.5 ±0.7 

3.9 ±0.0 ±0.8 ±0.4 



C 

0.42 ±0.06 

0.37 ±0.02 ±0.07 ±0.02 

B- 

D°K*- 

T + C 

5.3 ±0.4 

6.01[];2±1.0±0.5 

X 

D+K*- 

T + E 


4.0l[];[!^ ± 0.8 ± 0.4 


D°(j) 

C 

0.24 ±0.07 

0.31;[! []2± 0.06 ±0.02 


D+p- 

E 


0.019l[];[][]? ± 0.000 ± 0.003 


O 

O 

0 



0.010 ±0.001 ±0.000 ±0.001 


D°uj 

V2^ 


0.008 ±0.001 ±0.000 ±0.001 


It is obvious that these relations differ from the relation \T^^\ ^ ~ \Ec^\ arrived in the PQCD 

approach [18], which have significant impacts on the processes without T diagrams. For example, the 
topological amplitudes of —)• and D^ui decays are {E — C)/\/2 and {E + C)/ \/2, respectively. 

The branching fraction of the mode is predicted to be almost one half of that of the D^oj mode 

in the PQCD approach [18], since C and E diagrams contribute destructively for the former mode but 
constructively for the latter one, which does not agree with the experiment. However, this issue can be 
easily explained in the FAT approach in which both channels are dominated by the C diagram. With 
the same argument, the experimental data of the decay modes —)• and can be easily 

understood. 

III. THE CKM SUPPRESSED DECAYS INDUCED BY 5 -> u TRANSITION 

In this section, we shall study the CKM suppressed processes induced by 6 —)• ucd{s) transitions, i.e. 
B —)• DP, D*P, DV decay modes. The relevant effective Hamiltonian can be obtained by an exchange 
of c 0 ri in that of the 6 —>■ c transiting processes shown in eq.(2), as 

T-LeS = [Ci{p)Oi{p) + C 2 {p) 02 {p)] + h.c., 


(25) 
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where the two tree-level current-current operators are 

Ol = - 75)C/3h^7/.(l - 75)fea, ^2 = “ 'y5)CaU0'y^{l - 75)^/3- (26) 

According the effective Hamiltonian, we can draw the topological diagrams of the b ^ u transitions as 
shown in Fig. 2. 



(a) (&) (c) (d) 


FIG. 2: Topological diagrams in the b ^ u transitions: (a) the color-favored tree diagram, T; (b) the color- 
suppressed tree diagram, C; (c) the IF-exchange annihilation-type diagram, E] and (d) the IF-annihilation diagram, 
A. Note that the E diagram occurs only in the and decays, while the A diagram occurs only in B~ decays. 


The topologies of the processes B —)• D^*'^ M induced by 6 —>• n transition are different from B —)■ D^*'^ M 
induced by 6 —)■ c. The charmed meson is recoiled in H —)• while it will be emitted in i? —)• D^*'^ M 

process. It is thus expected that the branching fractions of H —?■ D^*'^M is smaller than those of H —>• 
due to the suppression of CKM elements. The formulae of H —?■ H*'* M factorizable contributions 
should be similar to those of H —>• but four new non-factorizable contributions, i.e. Xu’^ and 

(pu should be introduced. In principle, these parameters should be extracted from experimental data as 
done in the 6 —)• c processes, but there are no C- or Fl-diagram dominated mode measured in experiments 
so far. In this case, we shall employ an approximation that the four non-factorizable parameters in the 
6 —)• tt processes are the same as those in the 6 —)• c processes. Therefore, the formulae of T, C and E 
diagrams are the same in these two kinds of processes, i.e. Xu — Xu — Xc 4>u — 4'c- 

In the following, we will neglect the subscripts of Xulc and (pule for simplicity without confusions. 

Apart from above contributions, the FF-annihilation diagram A appears in the b ^ u transitions. 
Again, no experimental data available to ht the contribution of this diagram. Unlike the E diagram 
dominated by non-factorizable contribntions, the factorizable contributions in the A diagram is too large 
to be neglected. On the contrary, the non-factorizable contributions are suppressed due to the small 
Wilson coefficient Ci/3. To calculate the factorizable contribution in the A diagram quantitatively, we 
will adopt the pole model [22, 23, 89, 90], which has been proved to be one effective approach in dealing 
with the FF-annihilation diagrams. So, the amplitudes are expressed as 


A^P = -i^VubK 

Af = V2GFVubK 


cq 


cq 


0*2 (/x) -I- 

C'2(h) + 


. fD*9D*Dpml, 


Nc 
Nc ) 


fs 


Jb 


ml - ml. 

fD9D*DP'ml 


m^ — m 


(ed* -Pb), 


D 


A^^ = V2GFVubV:, (G2{fi) + 


„ fogDDvml * 

JB _2 _„.,2 \Av'Pb)i 


m^ — m 


D 


(27) 

(28) 
(29) 
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where the intermediate state is a scalar charmed meson Dq in the DP mode, and a pseudoscalar D meson 
in the D*P and DV modes. The effective strong coupling constant gn^DP = 4.2 is extracted from the 
experimental data of I1 q(2400) —)• Dir decay, go* dp = 4.8 is from D* —)■ Dir decay [26], and goDV = 2.52 
is obtained from the vector meson dominance model [91]. In practice, we will follow the arguments of 
[89] to set all intermediate states on shell, i.e. = iPpoie simplicity. 

With the fitted parameters from processions induced by 6 —)• c transition, the topological amplitudes 
and the predicted branching fractions of processes induced by 6 —)• u transition are tabled in Tables VI, 
VII and VIII. In these tree tables, the resources of the first three uncertainties are same as processes 
induced the 6 —)• c transition. Besides, we also include the uncertainties arising from the CKM matrix 
element [I^b], which has not been well measured till now. From the tables, it is obvious that both form 
factors and \ Vub\ take large uncertainties. If the CKM matrix element \Vub\ can be determined well, it is 
expected that the uncertainties from it will be reduced signihcantly. It should be noted that the decays 
by 5 —)■ u transitions should have additional uncertainties than decay by 6 —^ c transition, since our 
approximation of same parameters for these two kinds of decays are not well justihed. Similarly, we also 
obtain the hierarchy |r„| : \Cu\ '■ \Eu\ '■ \Au\ ~ 1 : 0.4 : 0.1 : 0.03. Compared with some existed data, our 
predictions are in agreement with them with large uncertainties in both sides. And these results will be 
tested in the LHCb and Belle-II experiments. Note that the branching fractions of the processes induced 
only by W -annihilation diagram are so small that can be regarded as the good place to probe new physics 
beyond the SM, though these predictions in the current work are somewhat model dependent. 

IV. PHENOMENOLOGICAL IMPLICATIONS 

In this section, we are going to discuss the isospin asymmetry, SU(3) and CP asymmetry in turn. 

A. Isospin Analysis 

The B —)• Dtt system can be decomposed in terms of two isospin amplitudes, and A 3 / 2 , which 
correspond to the transition into Dtt final states with isospin 7=1/2 and 7 = 3/2, respectively. In the 
experimental side, the ratio 

= 1-1- ©(Agco/nib) (30) 

is a measure of the departure from the heavy-quark limit [59] . The corresponding isospin relations read 

) = \J^A ^/2 + \J^Ai /2 = T + E, (31a) 

'^A{B^ —^ = \J^A^/2 ~ \J^Ai/2 = C — E, (31b) 

A{B- D\-) = V 3 A 3/2 = T + C. (31c) 


A\I2 

\/2A3/2 


as 
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TABLE VI: Branching fractions and decay amplitudes for the B —>■ DP modes. Data are from [26]. The first 
uncertainties are from the fitted parameters, the second uncertainties are from the form factors, the third ones are 
coming from decay constants and the last ones are from \ Vub\- 


Meson 

Mode 

Amplitudes 


Sexp(xl0-6) 

Sth(xl0-6) 


Cabibbo-favored 

VubV7s 





Dr7r+ 

ifr 

T 

C 


21.6 ±2.6 

29.1 ± 0.0 ± 6.3 ± 1.0 ±7.0 

5.7 ± 0.3 ± 1.2 ±0.3 ± 1.4 

B- 


— T 

V2 


16 ±5 

15.6 ±0.0 ±3.4 ±0.6 ±3.8 


Djr] 

cos cl> 


< 400 

9.8 ±0.0 ±2.0 ±0.3 ±2.4 


D7i 

^rsin<^ 



5.9 ±0.0 ±1.3 ±0.2 ±1.4 


^K- 

C + A 



5.8 ±0.3 ±1.3 ±0.3 ±1.4 


D-lf 

A 


< 2.9 

0.012 ± 0.000 ± 0.000 ± 0.000 ± 0.003 


DJK+ 

T + E 



27.5t!];^±6.6±1.0±6.6 


Tfrj 

-EEcoscj)- 

- C sin (j) 


2.0 ±0.1 ±0.4 ±0.1 ±0.5 


Tfi 

^E;sin</.4 

- C cos (j) 


2.9 ±0.1 ±0.6 ±0.1 ±0.7 



E 



0.14 ± 0.02 ± 0.00 ± 0.02 ± 0.03 



-Ee 

VI 



0.07 ± 0.01 ± 0.00 ± 0.01 ± 0.02 

Cabibbo-suppressed VutV*^ 


D 7r+ 

T + E 


0.78 ±0.14 

0.90 ± 0.01 ± 0.20 ± 0.04 ± 0.22 


TfnO 




0.11 ± 0.01 ± 0.02 ± 0.01 ± 0.03 


Tfri 


COS(f) 


0.07 ± 0.01 ± 0.01 ± 0.00 ± 0.02 


ifri' 


sin (j) 


0.05 ± 0.00 ± 0.01 ± 0.00 ± 0.01 


DJK+ 

E 



0.011 ± 0.001 ± 0.000 ± 0.001 ± 0.003 

B- 

Tfir- 

C + A 



0.23 ± 0.01 ± 0.05 ± 0.01 ± 0.05 


D-7r° 




0.55 ± 0.00 ± 0.12 ± 0.03 ± 0.13 


D~ri 


COS(j) 


0.30 ± 0.00 ± 0.06 ± 0.02 ± 0.07 


D-r]' 

+T + A), 

sin^ 


0.20 ± 0.00 ± 0.04 ± 0.01 ± 0.05 


DJK° 

A 


< 800 

0.0006 ± 0.0000 ± 0.0000 ± 0.0001 ± 0.0002 


D-K+ 

T 



1.05 ± 0.00 ± 0.24 ± 0.05 ± 0.25 



C 



0.24 ± 0.01 ± 0.05 ± 0.01 ± 0.06 

So the isospin amplitudes can be expressed by the topological amplitudes as 

2T-C + ^E T + C 

Ain- ^ ^ . ( 32 ) 

which leads to the following expression, 


Ai/2 ^ 3 ( C-E \ 

-S/2A3/2 2 \r + cy 


(33) 
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TABLE VII: Branching fractions and decay amplitudes for the B D*P decays. 


Meson 

Mode 

Amplitudes 

^exp(xl0-®) 

6 th(xl0-6) 


Cabibbo-favored 

Vubv:, 




D*-tt+ 

T 

21 ±4 

31.0 ±0.0 ±6.6 ±3.1 ±7.4 


D*°lf 

C 


6.4 ±0.3 ±1.4 ±0.6 ±1.5 

B- 


—T 

v± 

< 260 

16.6±0.0±3.6± 1.7±4.0 


D*s-V 

^Tcos<P 

< 600 

6.0 ±0.0 ±1.6 ±0.8 ±1.4 


DTi 

^Tsin/. 


10.7±0.0±1.7±0.9±2.6 


—*0 

D K- 

C + A 


11.8t^;|±1.9±0.9±2.8 


D*-lf 

A 

< 9.0 

1.3 ±0.0 ±0.0 ±0.1 ±0.3 


D*-K+ 

T + E 


29.7t);;^±7.1±3.0±7.1 


D 7] 

-^E cos (j) — C sin (j) 


2.3 ±0.1 ±0.5 ±0.2 ±0.6 


D 7] 

-^E sintj) + C cos (j) 


3.1 ±0.1 ±0.6 ±0.3 ±0.8 


D*-t:+ 

E 


0.11 ± 0.01 ± 0.00 ± 0.02 ± 0.03 



-^E 

)/l 


0.06 ± 0.01 ± 0.00 ± 0.01 ± 0.01 

Cabibbo-suppressed VubV*^ 


D*-7r+ 

T + E 


1.0 ±0.0 ±0.2 ±0.1 ±0.2 





0.12 ± 0.01 ± 0.03 ± 0.01 ± 0.03 


D*°tj 

-^{E + C) cos(j) 


0.08 ± 0.0 ± 0.02 ± 0.02 ± 0.02 


D 7] 

■^(E + C) sin/) 


0.05 ±0.0 ±0.01 ±0.00 ±0.01 


D*-K+ 

E 


0.008 ± 0.001 ± 0.000 ± 0.001 ± 0.002 

B- 

D TT 

C + A 


0.43 ± 0.02 ± 0.07 ± 0.03 ± 0.10 




< 3.6 

0.40 ± 0.00 ± 0.11 ± 0.05 ± 0.10 


D*-r] 

^(T + A) cos/) 


0.48 ± 0.00 ± 0.09 ± 0.04 ± 0.12 


D*-r]' 

^(T + A) sin/) 


0.31 ± 0.00 ± 0.06 ± 0.03 ± 0.07 


D*-K° 

A 

< 900 

0.03 ± 0.00 ± 0.00 ± 0.00 ± 0.01 


D*-K+ 

T 


1.17 ± 0.00 ± 0.27 ± 0.12 ± 0.28 


D*°K° 

C 


0.27 ± 0.01 ± 0.06 ± 0.03 ± 0.06 


The relative strong phase between the I = 2>l2 and 7 = 1/2 amplitudes can be calculated with 

, 3|A(7I+7r-)|2 + \A{D^t^-)\^ - 

COSO = -;=-. 

Qy/2\Ai/2\\A^/2\ 

In this work, we find the following numerical results 


which are complemented by 


^ 1/2 

'v/2^3/2 


= 0.65 ±0.03, 

Dtv 


(34) 


(35) 


cos 5 = 0.90 ±0.04. 


(36) 
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TABLE VIII: Branching fractions and decay amplitudes for the B —>■ DV decays. 


Meson 

Mode 

Amplitudes 

Sexp(xl0-6) 

Sth(xl0-6) 


Cabibbo-favored VubV*^ 


D7P+ 

T 

< 

24 

31.2 ±0.0 ±7.5 ±1.1 ±7.5 




C 

< 

11 

5.2 ±0.3 ±1.2 ±0.2 ±1.2 


B- 

D7p° 

—T 

V2 

< 

300 

16.8 ±0.0 ±4.0 ±0.6 ±4.0 



Djuj 

—T 

■/2 

< 

400 

12.7±0.0±3.1±0.5±3.1 



ifK*- 

C + A 



11.2t[!j± 1.7±0.5±2.7 



—*0 

D-K 

A 

< 

1.8 

1.8 ±0.0 ±0.0 ±0.2 ±0.4 




A 

1 . 

7+1.2 

‘-0.7 

1.2 ±0.0 ±0.0 ±0.1 ±0.3 


K 

DjK*+ 

T + E 



22.4t°;3±4.3±0.8±5.4 



lf(j) 

C 



4.4±0.2±1.1±0.2±1.1 



D~p+ 

E 



0.251^1 ± 0-00 ± 0-04 ±0. 

06 


Tfp° 




0.13;° °i± 0.00 ± 0.02 ±0. 

03 


Tfio 

_ 



0.11 ± 0.01 ± 0.00 ± 0.02 ± 

0.03 

Cabibbo-suppressed VubV*^ 


D-p+ 

T + E 



0.94 ± 0.01 ± 0.24 ± 0.05 ± 

0.22 






0.12 ± 0.01 ± 0.03 ± 0.01 ± 

0.03 


Tfuj 




0.10 ± 0.01 ± 0.02 ± 0.01 ± 

0.02 


DjK*+ 

E 



0.014;°;°°? ±0.000 ±0.002 

±0.003 

B- 

D-p° 

^,iT-A) 



0.33 ± 0.00 ± 0.10 ± 0.02 ± 

0.08 


D~uj 

^2^T + A) 



0.69 ± 0.00 ± 0.13 ± 0.04 ± 

0.17 


d\- 

C + A 



0.48 ± 0.02 ± 0.08 ± 0.02 ± 

0.11 


DjK*° 

A 

< 

4.4 

0.04 ± 0.00 ± 0.00 ± 0.01 ± 

0.01 

K 

D-K*+ 

T 



0.88 ± 0.00 ± 0.16 ± 0.04 ± 

0.21 


TfK*° 

C 



0.20 ± 0.01 ± 0.04 ± 0.01 ± 

0.05 


The corresponding central values for the strong phases then become 5 = 25°. Comparing with eq.(30), we 
observe that the isospin-amplitude ratio shows significant deviation from the heavy-quark limit. Because 
the contribution from annihilations has been neglected, we can trace this feature back to the large color- 
suppressed C topologies. 


B. SU(3) Symmetry Breaking 

Now we turn to discuss the SU(3) symmetry breaking effect in the charmed B decays. If flavor SU(3) 
were exact, one would get 
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• For B —)• DK, B —)■ Hvr, Bg —)• DgK and Bg —?■ Dgir 


j^B^DK 




rpBs^DaK 


rpBa^Datr 

VcbV^g 


ycbv:. 


VcbV^g 


Vcbv:, 

(jB^DK 


^B^Dtv 


^Bs^DK 



VcbV^g 


ycbv:. 


VcbV*g 

1 



• For B —)• DK*, B —)• Up, —>• DgK* and —)• Dgp 


rpB^DK* 


j^B^Dp 


'j^Bs — yDsK* 


^Bs — yDsP 

VcbV*g 


Vcbv:, 


VcbV^g 


ycbv:. 

(jB^DK* 


(jB^Dp 


(jBs^DK* 



VcbV^g 


ycbv:. 


VcbV*g 




• For the annihilation type decay modes B —)• DgK^*^ and Bg — Dtt(p) 


^B^DaK 



ycbv:. 


ycbV^g 


^B^DsK* 


^B°^Dp 

yc^y:. 


ycbV^g 


(37a) 

(37b) 


(38a) 

(38b) 


(39a) 

(39b) 


To estimate the SU(3) breaking effect, we use the bt results and obtain 


'j'Bs—^DsK 

VcbV*g 




(jB^DK 


(jB^D-k 



yciy*g 


yc^y:. 

rpB^DK* 


rj^B^Dp 


rpBs^DaK* 

ycbV*g 


ycby:. 


ycbV^g 


(jB^DK* 


(jB^Dp 


ycbV^s 


yc^y:. 




Vcbv:, 

^B^DsK* 

Vcbv:, 


j^B^DK 


j^B^Dtv 


ycbV*g 


yc^y:. 



rpBs^DaTT 




1 : 0.83 : 1.10 : 0.90; 
1 : 0.85 : 0.91; 

1 : 0.83 : 1.07 : 0.89; 
1 : 0.79 : 0.84; 

1 : 0.81; 

1 : 0.80. 


(40a) 

(40b) 

(40c) 

(40d) 

(40e) 

(40f) 


The above results show that the SU(3) symmetry breaking in B —)■ DM is about 10 ~ 20% at the 
amplitude level. 

Now, let us look at the SU(3) symmetry breaking in the B~ —)• D^K~ and B~ —)• D^tt~ , which are 
related by the so-called U-spin symmetry. For the amplitudes, both T and C topologies contribute to 
them, and T is proportional to the decay constant of light meson, while C is proportional to the form 
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factor of B to light meson. Due to a good approximation k, Jk/ f-n, we then obtain the 

ratio of the above two processes 


^ B{B- ^ D^K-)/\VM^ ^ 1 00 

B{Bu ^ D07r-)/|Kd/.|2 


(41) 


which agrees well with the experimental data 


7^fP = 1.005 ± 0.056. 


(42) 


Thus, we conclude that for decay modes dominated by T terms, the source of SU(3) symmetry breaking 
is mainly from the decay constants of light mesons. 

In addition, the combination of decay modes —)■ and ^ —>• D*^7r^[98] is used to test 

SU(3) symmetry, and the ratios between Bs and Bg —>• is given by 

B{^g Df 7r±) B{^g Df^TT^) 

Under SU(3) limit, the two ratios are given by [92] 

7^2|su(3) = 0.0864^°;[]°?2^ ^2lsu(3) = 0.099l°;Oi. (44) 

The results we obtained are: 


^21 FAT = 0.079 


+0.013 

-0.005’ 


7^2|fat = 0.081 


+0.005 
-0.003 • 


(45) 


Very recently, LHCb published the latest results on these two ratios[93, 94]: 


7^2|Exp = 0.0762 ± 0.0015 ± 0.0020, 7^^lExp = 0.068 ± 0.005+°;[]°3. (46) 


Comparing results of Eq.(44), Eq.(45), and (46), it is obvious that our result for R 2 falls into the range 
between SU(3) limit and experimental data, while for R 2 both theoretical predictions are larger than the 
data, which implies that the SU(3) symmetry breaking effect might be more sizable than we expected in 
these two decays. 


C. CP Asymmetry 

Among Bg decays, special attention is paid to the decay modes Bg —)• DfK^. As shown in Figure 3, 
B^gi^g) DfK^ decays receive contributions only from T topological amplitudes; in other words, there 
are no penguin contributions. Note that both Bg and B^ mesons can decay into the Df K~ hnal state 
via CKM matrix elements VubVcs and VcbVus, respectively. They are both of the same order, A^, in the 
Wolfenstein expansion, allowing for large interference effects. Consequently, interference effects between 
Bg — B^g mixing and decay processes lead to a time-dependent CP asymmetry, which provides sufficient 
information to determine the weak phase 7 in a theoretically clean way. In the following discussion, we 
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set f = Dg for simplicity. The time-dependent decay rates of the initially produced flavor eigenstates 
= 0)) and = 0)) are given by [95] 

-|- |A/p) {cosh(^^) — sinh(^^) -|- Cf cos{Amst) — 5/ sin(Am<jt)}(47a) 
-h |A/p) {cosh(^) - Df smh.{^) - CfCos{Amst) + Sf sm{Amsi^}\>) 


where is the amplitude of /, and the dehnition of A/ is 

_ qAf _ q A(^,^f) 

^ pAf p A{B2 f) ■ 


(48) 


The complex coefficients p and q relate the B^ meson mass eigenstates \Bh,l) to the flavor eigenstates 
B^s and 


\Bl) = p\Bl) + q\Bl), \Bh) = p\Bl) - q\Bl), 


(49) 


and jpp -|- jgp = 1 is satished. In the Standard Model, q/p is given by 


9 ^ ^tsVtl ^ -2i/3s 


(50) 


Moreover, Arus and AT denote the mass difference and the total decay width difference of Bh and Bl, 
respectively. Similar equations can be written for the CP-conjugate decays replacing Af by = (/|i?g), 
Xj by \j = {p/q){Af/Af), |p/gp by \q/p\^, Cf by Cj, Sf by Sf, and Df by Dj. The CP violation 
parameters are expressed as [26] 


Cf = 

Sf = 


2Im(A/) _ 2Im(Aj) 

TT^’ 

2Re(A/) _ 2Re(Aj) 

1 + IA/P’ f 1 + 1A;12- 


(51) 

(52) 

(53) 


Note that the equality Cj = Cj results from \q/p\ = 1 and Xf = Xj. If the above hve experimental 
observables can be measured well and jig can be measured elsewhere, the CKM angle 7 can be extracted. 
The Bg mixing phase fig is predicted to be small in the Standard Model [96], thus we set /3s = —2.5° in 
this work. With the fitted result, we then have 


Cj = Cf = 0.71 ± 0.07, Sf = -Sf = -0.63 ± 0.06, Df = Df- = 0.32 ± 0.03, (54) 

where the only uncertainties come from the form factors. In 2011, using a dataset corresponding to 
l.Ofb”^ recorded in pp collisions at ^/s = 7TeV, LHCb found the CP-violation observables to be [95] 


Cf = 1.01 ± 0.50 ± 0.23, 

Sf = -1.25 ± 0.56 ± 0.24, Sf = 0.08 ± 0.68 ± 0.28, 

Df = -1.33 ± 0.60 ± 0.26, Df = -0.81 ± 0.56 ± 0.26, 


(55) 
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where the hrst uncertainties are statistical and the second uncertainties are systematic. Comparing our 
predictions (Eq.(54)) with the experimental results (Eq.(55)), we hnd that our results agree with data 
within uncertainties. It is should be noted that in our calculation, the |I46| we used is the averaged value 
of inclusive and exclusive results. However, there is a clear tension between the \Vub\ values extracted 
from the analysis of inclusive and exclusive decays at present, which may lead to large uncertainties in 
the theoretical calculations. 


s 


s 




K- 


No weak 
phase 


Dt 


FIG. 3: Feynman diagrams of Bg — >■ DfK^ 

In addition, the direct CP asymmetries of —>• decays are given by [97]: 

^ ^ + B(bI ^ ^ pj*^-K+) - ^ pj*^-K+) 

~ B{B0 ^ Di*^^K-) + B{B^ Di*^~K+) + B(bI Di*^~K+) ' 

In this work, because we set Xc — Xu ignore the life difference between B^ and 

we then get; 

= 0, (57) 

which agree with the predictions considering the life diffrence [92] 

^cp|su( 3 ) = -0.027l°;°?2^ ^cplsu( 3 ) = -0.0351°;°^^ (58) 

So, if in future the direct CP asymmetries can be measured at the level of more than ten percent, it 
would be useful to place tighter bounds on the relation between Xc Xu • 

V. SUMMARY 

In the work, we preformed analysis of two-body charmed B decays globally using the factorization- 
assisted topological-amplitude approach. Since the color favored tree emission diagram has been proved 
factorization in all orders of as expansion, we use the factorization results of short-distance Wilson 
coefficients times the decay constant and form factor. For the color-suppressed tree emission and W 
exchange diagrams, four universal nonperturbative parameters were introduced, namely x^i s-iid 

(j)^, the numerical values of which were htted from the 31 well measured branching fractions. With the 
htted results, we then predicted the branching fractions of all 120 Bu^d,s D^*^P{V) decay modes. For 
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the modes induced by 6 —)• c transition, most results agree with the experimental data well. The number 
of free parameters and the per degree of freedom are both reduced comparing with previous topological 
diagram analysis. Due to the suppression by CKM element \Vub\-, the branching fractions of the processes 
dominated by 6 —)• u transition are in particular small. Most decays will be measured in the ongoing LHCb 
experiment and the forthcoming Bell-II experiment. We also found that the SU(3) symmetry breaking is 
more than 10%, and even reach 31% at the amplitude level. For the decays —)• D^K^, the CP 

asymmetries predicted agree with data within uncertainty. 
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